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^mzmm^tihm2<^mm^i:m'&L. ^^tfi^mm 
{i. mim^MmmizmLx'j--7—b^2-^<nn^^\^ 

mmmmizmm^n^ j; 3 iznm^tLfzmm.yTmx:nm 
mmM:^^('^mmMmimtmmcomm^zism-t^ xoiz 

mmyu-Mzx-)X^^tiimmy^'i vt. 

myu-Mz^m-^miz^ifMi^fi^ cfc 0 ^zm^^ti 

fzmkcr)W>ntmtim^c^mwz^m^tLtzm 1 
Rvmmmm<^mmz^^tifzm 2 <7)m^t l , 

izmf&^tL. mtm^mmmizM lx u -^-t^2':>co 

Mm^\^< .1 1 i-^mi,z^^A:b'^WlMb ^-irtf*^ 

nnraaifiist^^rLT^ 1 <7}f^m(^mxmm:m}mi>zm 

m^tL. mzmtmmmmmizfiLxm2cr,n&cr,\^^ 

f>^mzmmLfz'^<^)mmimm-t^x^ -yTt ^#tftt 



m%mnm}L\,zmm^mz^^tthbMz^ ^mfm 

mmmm<7)i^W(^m^cr)mmbmm-t^ b Mzmm:mm 
m^zm^^irh X 5 t,zjfm^ttfzmm:nmAtsm^mm 

mt^i^mmimjimiimmcomnzism-r^ x 0 {zm^ 

[0001] 

ffiastc&^o wfflt-i. i b t-x% h ^^mzmt 

[0002] 

^yj^±mHm^im\.zmi\^xn^mth^b 

(C^^^tcaST-J>^ » ffl^XT^A ^^ttt-^ 

h fzMz Y V j)^xmf^tifz:t^^zmmLtzm.m^f&m l 
x^mr^. 

[00 03] K vii'X-mif^ixfz:^izmiSLtzmmc^m 
im±. y-'n-i-mm. ttzimwmmzX'^xno:ib 

—i'mmbimLx^m<^y°'or—^<^^mx'co'^com 

m^zt3\^x4¥m^ziEmtc:i}mb Lxmm^tix\^i. m 
-ox. igffi. -wcotma. 'WcommcoMtL\>mmx-h 

[0004] m\mm.<^mm:ummi. -i-^K 

^^.<fz>sb(^)-mm.')-'7~^mm-thzbxh^. mm 

h o mmfi^mmy^—j>^tiK 199 6^7 ^ 3 0 ate 

x^;H3 J ii>(c#^$ixfc5ftit3tiK 1 xmm~th ^b-b^ 
x^h. zcommyv-Mt. m^mm-^mzmm-t 
h^btix^hmM.^)--7-^^m'th. mu^. xm 
■^<7)nmcr>^nm(7im^t^m-^nm^b Lxm^^-t^z. 
bwx^t. Ltzifi-^x. ^mcnw-mmMc^mm. z 
commizmm't^fzMz^miommmi:mm-t^ . Lfz 

-tlx 5 ^rtfMtftg|5^ffM^I> i b b^X^ IXoiz-W 

^iEmizww\-ti ^ b b^x-^ i>mm.^^-ti >r t tmt 
mmLtzms^iziii'^xwimm-th i':>c^:ffm 
-mcoru-^mm^mm-mjmx'hi.. 
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[0 0 0 5] Vt^L^ji-ifi^. 7-n-^j5!iBtc(i. y^S^ 

si3>a^jf A-r-SB#tc2iffi^-s mi<z%<7ymm^±% < -tt 

fz>^{zmm^tLh . :i<^i:d^j:^m±. 2000^4^ 

2 5 B^;^^'^■fe'^>wt-^§^^fc^#f^^tK2^=^^^$a 

{±-5i-SiJ § ix-g> j; -3 t:: V ^•fia.i}Hzt>tz r> X . ffioS D 
IfeJ^tcSU'.S. j: 0 i,z^cn±.{,zmm.^fitzxvi 'y h t Sr* 

mU^i,zi5^-^X<r>^mim^-t^<r>X\ U --^-^T^tTlifr 

[00 07] ^hiiZ. «e*coU-v-{i:. SKj 

1 -:>(r)Jj\tniz-:>K^Xc^)^mm:Xtimti^^if^Zt fj^X- 

h ■ ^^j )Xh^. Ltit/^-yX. <Iti.{iA*i6**-[ei 

*^1[JRB S ti^ fS-fXU^x < . m# tov >X U ^ fig 

[0008] zcoj^^izK^x . imm^^co'Wimmti> 
tzMZ'wmmxtmp^ u - v-^w-r s i t timt t 

ftgp, miz. t'cr,j:o^j:mm^^^^^^mmmi,zi^'^ 

[ 0 0 0 9 ] S ^>t3. m^^tLtzm^M^zV^-yXiEmiz 

wi'MB-ri. z b i}-x^ h^fj -7 ^--^^-th z. t tim 

stt-i. ztt^x-^ . Rv:, xi,t?.timm:mMz^Lxm 
^cDMm:ff\^iz-wmwmw^Mm-t6 z t ^^t-^ S i ^ 

[00 10] 

[WitlitKl] *II#lfll5, 54 0, 6 9 4-f- 
[!Rpi^3ta2] *H«S=m6, 0 5 3, 9 2 2-f- 
[0011] 



[0012] '9rmmm.i±. ^i^-At . «r«tt'j-^ 

m^^ii^'^mviLU~'7~i,zmm^iv^Atsmmt ^-ir 

tfo A^aiWi. Illtea»A:^jai5«t^^t-C2oX{i^ 

[0013] 1 'Dmmiz:B^^x . :^%Bm. -wwrnm 
-S>aifc:fri6]A:tijitegl5WSrfl-t-S.. «S:':ie]A:ftjSSgp 

mi. ^mmam.ti^^mmcr>mmi>zmmmm^im:-t^ 
xoizfm^fx.x\>-^^o 

[0014] m^ommizm-^x. ^^mi,i. -w^mwi-t 
W:<m^t . m^co^mzm^^tifzm i cosgpst/s 

at^gEWtc^MS^ifclg 2 commit t . m 1 c^-WiiM 

imtfzmwc^^mmmb^^^ts. ^hiz. o--?- 
ft^fjogpwtcMiiL. mmMwmiz^^tis,xo 
izwm^ntzxtimmmi^t^. ?.tsmmmt. mmm 
muizMLx u-v-<7)2-3cofta£oiti^ ^^fgt-r 

■So 

[0015] ffic^mtcfcv^T. *^BH{4, -i-BMiMB 

tzmmmf^mt . immp^m^zm^-^mi^zmt^^tL. # 

gpwtaML. mmmmm^zmm^ti^ X 5 izmf&^fi. 
fzmmj^mxtim^w-m^rifti. mwajmxtimaum 
a. m^mwm^-^m.m<^mmzmmMm^mmt^x 
o^zmf&^fix^^^. 

[0016] ^i^Az^ m(^P3M^zJ:tii^. ^^mi±. y 
u-M.b. yu-MzX-yX^n^ixfzmm^'-t }<t. 

y u-MzmK.'^m^z^if'^tih i 0 izmm^^ixtzmm 
cr>w>mt. &^c^)UUizm^^^tifzmi(D^mRVMm 
cr>^mizmm^ttf::m2(Dm^t ^n^-r^mmcotp^ 

mz'^^tii, X 0 i>zm^^tLfiAti^^3^^^. A 
^aisasii:. \B\mMmmtzmLxo-^-<7)2-^(7)m 

^-^m^z-t^ . 

[0017] mmmiz^\>^x. ^wm^. mmwrnm 
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I m 



1 <^[*] # <7mmT&im^m9MwszM Lxm2cDnmco 
[0018] mcomm(,zi3^^x , ^wmi±. •m-^mm-t 

cDWM^zmmm^iimrfh x o tcffM^ixxB d . m 

[0019] ^^tmiZ^i-^X^ J-~^li.. FJf^c^ft*^'-^ 

[0020] 3is^Bji±, nnTif ft Ltim^-^^wm 
•r^m:n^mmL. mi^n.x^^^'^co^i^i^zx^mm 

"^-^miz-r^. 

[002 1 ] ^^^z^ ^^mi±. mmmmxmtixtiM 

Z t tn- ^ ^ j; d iz-t^ « 

[0022] 

^:m^^$tif<z^Mmmizmmr^mmi^^^< . ^cok 
Miz^ mnLfznwfmscr>m.mizX'oxm&^ti-f:i:^^ 

[ 0 0 2 3 ] HI b . 1 0-C-^^ 

'^mmmmDm^mxmmmm.<mmmifi^^Kx \ ^ 

#-tMiJ^ai Oi±. l^-^l 2T-^$flS7P-A. 

4 1 . ±.-^U^ 1 4 J: OiSS*MN§v^3&v X(i|BI tiSS 

T-$,-S.«, ««SP«^«/tt--SI^2iO, 

T^^gPii- 1 6 b ^^-fh . 1 4 &VT:^rgP^^ l 

6iO?j?:tr«oifffi®«{±. Ilt3&-X{i^^:^ SOT'S) 

tJ;<. Off:?, .*§?F^X(ift!iiO®S^-ffM-C-^)l>o Wtt 
<\±. ±^aK:5i-l 4at/'T:^gE^^l 6(i. X-f>'^XX 



[0024] y\y-J>. 1 2cor^m^ 1 6{i:, ¥SSi:^[pl 

izmx^h':!^^':^ ^ 2 2^mx.tz^-:x2o^^^h . m 

1 tc{i*S^rV^;f)i\ 3^^^ ^ 2 2 {z^-4 Ytm-^^fit 
j:3tc^roTV^-g>. icOi^t'. rj;^^^:?' 2 2{i, fat 

^t:>^zy-Hm9f \ 6<i. ^(^>--^aym\zy^'^xn^ 

^1 8{i. T^rgP^M 6i7)-jS*^J^'^-X2 otcffit/T 

[0025] ±:^rgp^ 1 4S.trF^SP^ l 6 tcfiiifKft 

tCT-A2 4*iWCV>S*\ iT^L<«5. HS^-r-g.J; 

r-A2 4{i. 3-^'X{±yy^'2 6SrS:»LTVi> 
-I.. 3-^'2 6{i. 0:i!)iH«eUtT-A2 4 

2g.vT^rgi5:}>i 6 bmzE.nmmm2 6 ^ffM-rs j; 

tV\ 3-^'2 6{i. |gl!)3^-^';S'2 8^«»t- 1>3&\ 
SiW-rS, IEI63::T.^^2 8{i:. 3-^'2 6|^fIlIK^ 

mx'hi. 

[0026] IBiftn^.^^ 2 8i±. Uff^^tcg|5«3 2Xm 

mmmpi3 a ^mLxwmi^'j-'^-mti Y^^j<mm. 

( m 1 t^tiia^j^-tirt" ) t51*S$n i d t^^r T t . 
A^*tegPW3 4{i, -Stcujg«gEW3 6^, fiflStc 
iBl!)«l3 8**^^. iBI6tt3 8{±. Wmmj:')-'7- 

mts ^-^xitmi^mmmmmz^^ti^ i^oiz 

[0027] IBitl3i^Sg|54 0^iA;^ljlr^g|3« 3 4 bUW) 

a^^^9 2 8b<7)^<7)^^^^mm-t^. mm^^-i:^9 

2 8 Rifxtimms^m 3 4 It. A+ia^gpso dite^ w 

3 ^7 2 8 iZ^-t^-^ y9-yx.4 X3«^gP4 6 ^ 

wst-^ „ iB«)^ifP4 0 3 2 tcK o w 

{tJi.ti. 0tee>'4 2iCj;'?TUff^^^g|5WC«M$fL 
-g-o |B]«K. IBKi)ilSgP4 0<i:. U?^«gp«3 6|^tlE 

llllKb°>-4 4tcJ;oTU®«gPWW#^Six 
!.» ic^®)^tcfcV^T. A*»*Sgl?«3 4S.(yfiEij)r3^- 
^ ^ 2 8 «i . gftjSISgPcO i a ^1«a^l*]A:*] i^' a ^ y 

h/'3itesi54 6 ^as-r^ . J; D . mmmwm/ 

<r>mmmmm.) ^m^cr)&m.i,z\^n^^bifixn^. 

mx'h T t j; V ^c: i: (iM-r^ ^ T-fc ^ o 9 
9 2 &i,z^mMmt:iimthtzMzxf)^^m3 4 

[ 0 0 2 8 ] 07 ( A ) RXfmi ( B ) ^#ML^*i' 

wm. aittr[eiA:'3>>"3-f yh/jSteg|54 6{i. 
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^s^zb imm-f^^Tfi i>., H 7 ( A ) Rtfm i 

(B) t^TK-Ti^t'. AS]j«lggP3 4{i. ^E|I2 0 0t' 

2 0 0{i, !Hp^iO:^|pico[i]i|&. -^^inFcop^cosiB^^^ 
A*i*ISSI53 4{±, KM:(:rtfIt0lE^I>i> tT-i' 
^ i t {ilMSIt-^ § T'^fe -S) „ A* jlteSli 3 4 {i , igiJjii 
teSP4 0 Sr^rr-LTWrJ^^^' ^' 2 8tcafe$a.|.<?)T\ 
IB»r?:^->^^'2 8{S. |al«t:. ^E|I2 0 2 ti-sTSS 
§ fvtz J: 3 AS] aiSSP 3 4 Ulte? S , 

[0029] iBi!)iiMgi54 0 . Lfzt^->x. Ktm^n 

34{±. IlI|gtryX{±by$x-4 2Sr^LTIE»3;t^i?:5' 

2 8tcffi^§ixTi.-»S„ Hffi. #tcEl7 (A) ^#HS-r 

> , A:ti3ssgi5 3 4 wJwmmkmA o ti. ^ep 2 1 

otcji'sT^snsidtc. llIlKt°y4 2S.tMBl!iii 

i^gi52 8£7)jigo^iiiiie-r-i.« mm^^--^ ^i^im^t-f 

Sid t;ffi^$ixS^^, A^'J^IISgPS 4at/BKlj*'#S 
SI540{i;, ^^EP2 1 0tJ;'3T^StLSJ;3tc. ISO 
° (7)M^fS<i3t3ll]|Kb°>'4 2^0MI'9T-lIltet-|>^i: 
ifiX'^h. Lfc/ip'-pT. HllgjSKtSa (H7 (A) t{± 

ll^^i"r ) y -V- 5 0 mi±.Lxmf^fih ra. 
[0030] flucoEiDS. wi:ia7 ( A ) i^mth t . 

mmm$m2 8l,t. 1 2l,zX'oX7jk-tJ: olZ^ HI 

^^^4 2 , A:tl31teSP3 4RlKlEKl5mgP4 OcomK) 
Xmm.^^. A^ilfeg|53 4*iffif:LT«»Sm.« 

iBi65^si52 8mmmm^4oii. ^W2 1 2 

tcJ;-oT^§ix-g.J;dtci 8 0° iOM^fH< J; d tc. HI 

"c. igteais^ats. u--^~5ot)K w^conmcoi^ 
^{zmm-t^ztii}^x'^i>m. m±Lx^^^ii^:it 

t>^x-^ h . 

[0031] momm. ^\iz^ mi ( b > ^wm-i> 

b. A*mifea?3 4{±, ^E|I2 2 2tcJ:'DT*^J:o 

\,z. 0fee>^4 4, wmmmw>AGmfwmmmm2 8 
com *) ^HHk-T-^ o iBI63 ^- ^ 2 8 ^m±Lxi^m^ 

K^m^. ^mzx-ox^^K^ko^z. x:nmmm3 
; ^: ifix% h . Lfzf/'^x , mmmmmw. ( 0 

7(B) CtiH^lir-r) (.±- 'J-v-5 0*-'ffihLTffi 
if ^ S Pal, a ^ c73ii$^I L [6] t^iei $ tL S >! i: 

[0032] i^cr>mm. mzm7 ( b > sr#Bi-ts t . 
iBitijitegP2 8Rmmm^^m4 0 ^ep2 2 0 1 j; 
oT^-riotc. iiiteby44. xtfmmm34comK> 

T-Hfe^l., A^31ISSP3 4;{)%li]iLTfm§:fil>» 

IE«)jl*SgP2 Sat/'.Wjlte^4 0(±, ^Er)2 2 0 
tcJ;'>TaSix-I.J;at3l 8 0° <50MS:fe< J; 3 tHUS 
b°y4 4<?)J^'9-CllIK-rS<I t^^TSSo Lfz^-yX. 



X^ 6 o 

[00 33 ] IBIiirj:t.^^2 8ii. {S^^v. MFJf^i: L 
Xmm^ti^U-^7'1^ 5 2Sr*-t.g.JSgPgC4]-4 SStB^ 
fl.. {J^-?^:5 2{i. U-V-5 0 2r^{t. -en^:^^® 

.IEl!)3:t-i5':5'2 8C0IlIte<i. U-v- 5 0 ^lUte^-ii: 

s« u-v-5 0{±. •»c7)t^t,zm-^^n.^^ti(^. -wmi 

tc^o T V ^ s „ ifL{± . m^m^xSrwrnmrn i o ^ttffl 
Lxm^^m^^mmtmmLxmm^it^, 

[0 0 34] U~-?~5 0l±. mm<^^U. fl y^-. 

WMijMW5 4{±. :s.\^zmtmxf/xiim-^^^fi. mm 

W 5 4 {i . U - V- 5 0 nTMtt t , mf/X 
V —7- 5 0 tmt^^^K if ft-t-S. i t i:i^X% 

izm^^fi^. §^>tc. WfJSP«5 4:Rt;;*sgB«5 6 
(ft*) mizi,mf&-thzt:b^x^^. 

[0035] H4-'H6 Sr#B§t^:3&*^>. -tM'JSPWS 4 
XJ±iJ'"^<i:t«m'|5l-coffm^tTV^.g.*\ (^J 

mmx^tx^^o. Ltzt^-ox. mA-^meiz^-tw 

fflspw 54 {±. ij-v-50 cD^wmmm 5 4 * ^-r , 
Lt^Ltc-fi'^^. wmmmi. pm^j:hif. sv^ts^-? 
x\^xijX^^zb immx^ hxf>^d. w^cosffjco 
tzMz^mmti^mm^ti^h . 

[ 0 0 3 6 ] •t]]ftiJS|5W5 4ii, 7.'ryiyXX-f—JUXlt 

m(Dm'^^m^:f}-'hmfS,$ti^^^6 o iz^-^xm^^ 

ft^ „ 6 0 (i, U 5 0 /-laMiTO 5 4 J: ^ 

wiiMstc J: 0 T± t ^■wcommcommziti^ txmco 

6 {i. 3f5:#; 6 0 m^i^zim^ti^ i. 0 tcfi<7)M D izmv^ 
w 5 4 (^mm^^MM-t^ , 

[00 37] ^l(7)ffigU62{i, IMIH)fS;^(JIMI 

SII«jt6 8**t-'g.^i\ lg2t7)SSP«. flSP. X 

mi,z:^=^^-i^ym^m6 6i,zmmzmv^x^-^i> . 

f\6 &mi\i^'7 0(±, fillOWfflgPWS 4c7)(J'e-7 0*i 

IHgp«jt6 8tcS(tAifi^>^iS zbti^X^ . m<r>m\w> 

W7 0O{3-e-^A:6 835i{3'e7 0^SftSJ;5fc. ffi3i_h 
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[0 0 38] tfz, ^{¥6oi±, mi<^mmjj. 
Sit. m^. mm2&x/m2cr)tmj}. f^- 

fifz^^-n^cmmmix ^-^h. mm 1 2 mimmm 
7 4 (rmm}5^a^%^ut- h cnmmK ^(^mmmm^ 

^^■^(^mmm ^Kh sn^^^o its ^m.m.-th o-cii^ 
«B7 4{i. m^ZiEmi\,zn\p\Lxmw:^rL^. 

[0 0 3 9] ±fz. 'cjmJii}^2^fz»^^flX^-^hf}y, 

^^llf,^ ^ 1 o^itt* LT V 4> J; < , 2 oiii±to-txiiiif.?a 

mmmt<zii\^x. mim<^mt{mmmz. ^mmm 

M--comm5\^x-^m\h i. 0 \zm^^rix\^x ij 

\-^x. mmfix'^hi^o^xmmmitmxhi:\--^. m<D 

mmmmi,z}ii^x . 6 0 compmmj^-^Km-t^ 

*\ RVYXI,± U --e- 5 0 co^m^im-^ 5 4 1 8 0 

[ 0 0 4 0 ] § ^M.-crmM^mmij\^izwm} 

^j:;^-yi^-i:^-t^immamzi>. ^mmmii. m& 

i>^X'hhWk(^m^wiky^x%,ii.\^. 'mm<rM^<n 

mi-^i:>'^mf/x\m^i:,^i- ^-otih . 

[0041] |l|12r#BB-f-^h, U--e-50tcML 
X. ^comi (T^WWimtt 5 4 :&ilgt!j3 ^-^^28 <^T:^r 

8 tCfe^S tLT I ^ S . **(C. m 1 ^O-tHiiJSJW 5 4 
c^{J-?'7 0{i:. IBI63^-i?^' 2 8^/f-LTT:^gP:5>4 8 

co«5«y^ 5 2 tii*ssti.-c m2 c^mm^M 5 4 
m:^mzmm-jjfti(,zmm Lxmrncomm-cm 1 

iSies n.T •> -I. <, y - v- 5 0 tfo-ajB'jgpw 5 4 co^jj . 

^mwrns 4c^M^&t/m^m8 ocn^mzX':>X'i^ 

S§^x^, #Wfflg|Itt54{i:. Ntiig {fzt 

ni. 10 mm) Sr*tTV»Tt j:<. 

|gg^fi"LTV^T^ j;<. #^<?0tM'Jg|IW5 4{i, ttfl 



^9 ^coT&mzv-'^-cDi&izm-'^xm 

[ 0 0 4 2 ] H 1 2 ^m3-ti> t . U -V-c7)fffi£7)||Jg 
?efilO^#:j&^ W-^3 0 0T-^§ixTV^-g.„ y-v-3 
0 0{4. A:^J^;^^^SIH^3 1 0^:. 5|5^W3 2 0^: 

ii. m$^^mmm3 32^ < . zi^m 

mmms 3 2it. mmT^wms^m3 3 4 j: oKs^vh 
s < . zc^mwmM3 3 4{±. mm-thwwm3 3 6 

J; OlffSsiJ^/h^ < . ; <7)-t]0fflgP« 3 3 6 {i. PS-TS W 
B'M3 3 8 J; Oltfl^Ovh^v^^ t*>^^h■V)j; 

^o^3)fflgB^^T■fc . u 300 ^ j^jig-r ^ >r t ^j^t-^ 

[0043] I12S:U'-H3 &#HS-r|, t ^ -g-tJJBiJSB 1 

0 i±. -wwwmw. 1 0 ^ titt 8 0 ^mm<o^'^ v ^ 
s t-irtf i t i^-ttzi^^zmmmm 5 a a^^^^xxt 

±W--}f^^Wt^fiXm7i^^ftXV^h . ttSOtt. IBKir? 
Jf^' 2 8 A^^ja;-;^ 2 0 fcffitA'T l^SEIfSOjf ftSrW 
•rSJ;5tC?SStlTV^§» 3 — 2 6*^^5<-X2 0^ 
OEgffiDOPBlOfl^ (I1I1#BS) OTMiM^nSF^f 

?m.<r)-^mmmz-mriv^x\%'&^ixh . htzt^-^x. m 
8 0 {± . u - V- 5 0 1 i !> mmmcr)fzibcrmnn^ 

M^^f §0 ttSOJi. flfi8 0i0jgDT-lllte^-SflM'J 
g|5«5 4 ( U-V-5 0) tcMLTl?±fCV^|,. 
B'JSI5W5 4{±. #8 0±tciSMSfLS, !f*(c. ^miU 

«5 4{i:. W8o±tc[i]KnrtgtffiR$ai>. mso 

#WfJg|5W5 4«2|sfls6 0<7):i^;6 6Srma-r.|>. |5l 
«t-BM'JgPW5 4^#:*^. |W|B#tcllISKt. U-v-50 
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1 . Title of Invention 

MEDICAL INSTRUMENT FOR MILLING A CURVED PATH 
IN BONE AND PROCEDURE 

2 . Claims 

1 . A reamer for milling bone comprising: 

a plurality of indMdual. interlocking segments, each safd segment 
including a cutting surface; and 

3 multhorientatlon input coupling in communication witii a first one of said 

pluralily of segments and configured to be coupled to a source of rotary motion, 

said multi^rientalion input coupling configured to transmit rotary motion from the 

source of rotary motion to said plurality of segments. 
2 , A reamer (br milling bone compilsing: 

a first segment; 

a last segment configured to be rotatably received In a milling frame; 

a plurality of intermediate segments defining a first end that is linked to 
said first segment and a second end that is linked to said last segment, each 
intermediate segment having a first cutting surface; and 

an input coupling In communication with said first segment and configured 
to be coupled to a source of rotary motion, said input coupling allowing two 
angles of orientation of the reamer with respect to the source of rotary motion. 
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8 . An apparatus for nrulling bone oomprising: 
a frame: 

a curved g jide supported by said frame; 

a reamer rotatably maintained on curved guide, said reamer 
comprising a plurality of linked segments, each said linked segment having a 
cutting surface: and 

a multi<»rfentation input coupling in communication vinth a first one of said 
plurality of segments and configured to be coupled to a source of rotary motion, 
said multi-orientation input cxajpling configured to transmit rotary motion from the 
source of rotary motion to said plurality of segments, 
4 . An apparatus for milling bone comprising: 

d framei 

a curved guide supported by said frame; 

a reamer rotatably maintained on said curved guide, said reamer 
comprising: 

a first segment; 

a last segment configured to be rotatabty recetved in a milling 

frame; and 

a plurality of intermediate segments defining a first end that is 
linked to said first segment and a second end that is linked to said last segment, 
each intermediate segment having a first cutting surface; and 

an input coupling in communication with said first segment and configured 
to be coupled to a source of rotary motion, sard input coupling allov/ing two 
angles of orientation of the reamer with respect to the source of rotary motion. 
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5. A method of preparing a bone for prosthetic implantation comprising the 
steps of: 

resecting a portion of a bone; 

reaming the Entramedullary canal of the bone; and 

milling an area of the bone adjacent the reamed intramedullary canal 
using a flexible reamer coupled to a source of rotary motion at a first angle of 
orientation relative to the source of rotary motion and then at a second angle of 
orientation relative to the source of rotary motion, 

6- A medical instrument kit comprising: 

a frame; 

a plurality of guide shafts each of which is adapted to be carried by said 
frame, each said guide shaft having a different radius of curvature; 

a reamer rotatably maintained on said guide shaft, said reamer 
comprising a plurality of linkable segments, each said linkable segment having a 
cutting surface; and 

a multi-orientation input coupling in communication with a first one of said 
plurality of segments and configured to be coupled to a source of rotary motion, 
said multi-orientation input coupling configured to transmit rotary motion from the 
source of rotary motion to said plurality of segments; 
said frame adapted to removably receive on© of said plurality of guide shafts. 
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3. Detailed Description of Invention 
Technical Ftold of tha Invantton 

Th9 present tnvantJon relates to medical Instmments and procedures and. 
more particulariy, to a medical instrumant capable of milling bone along a cun^e, 
espocially in preparation for implantation of a prosthesis. 

Background of tha Invantlnn 

For implantation of prosthetic stems, such as hip stems, accurate 
preparation of the bone or intrameduHary canal Is extremef/ important in order to 
guarantee good contact between the prosthesis stem and the bone. Preparation 
of the bone canal For implantation of a prosthetic stem is presently prepared by 
drilling a resected end of a bone, such as a femur* and tlien preparing an area 
actjacent the drilled hofe to provide a seat for the prosthetic stem. 

Preparation of the area adjacent the drilled hole may be accomplished by 
broaching or by mitling. Currently, howvever, miling has been identified as an 
extremely precise method of bona preparation In many orthopaedic applications 
as compared to broaching. Bone milling is cunentTy thus the prefen^ method 
of t>one preparation. The concept Is that a precise bone envelope reduces the 
gaps between the implant <i.e. prosthesis or prosthetic component) and the 
bone, thereby improving the initial and iong-temi bone ingrowth/fixation, 

A criticat limitation of milling systems today Is that they use straight 
nsamers to remove bone. Straight reamers iimit tha geometry that can be 
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created In the bone and thus the external geometry of the corresponding implant 
A typicai miBirvg frame can t>e seen in U.S. Patent 6,540,694 issued to DeCarto, 
J. et al on JuJy 30, 1996. This miiling frame uses a straight reamer that is 
useable for various geometries. For example, the anatomy of the medial 
endosteum of the femur can be described as a cunfe. Many implant designs 
thus employ a medial curve to ioad this region, tt is therefore desirable to have a 
device that can precisely mill the bone to allow for the medial curve es such 
would improve the accuracy of the bone preparation and thus the bone fixation 
One way of preparing the bone along a cun/ed path is to use a series of 
broaches. 

Broachee, however, have serious limitations. One such limitation is the 
risk of fracture during broaching. Since broaching ie done by pounding the 
broach into the bone, the bone tends to fracture. 

In consideration of the above, there have been attempts to provide flexible 
medullary canal reamers. Such medullary canal reamers are used to enlarge the 
medullary canal of bones In preparation for the (nsertton of a prosthetic 
component such as a total hip prosthesis. One such device is provided in U.S. 
Patent 6,053. 922 issued to Krause et al. on April 25, 2000, Krause describes a 
flexible shaft for a reamer. The Krause shaft comprises a solid element with a 
longitudinal bore the entire length thereof, and a slot fomed thereon that 
extends spirally around the shaft either continuously or segmentally. A problem, 
however, with the Krause flexible shaft Is that Krause is only concerned with the 
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shaft portion and not the cutting portton of the reamer. As such, the cutting 
geometry associated with the reamer and tha Krause flexible shaft is no different 
than other embodiment of reamers. As welU other flexible shafts fall short for the 
same reasons. 

Additionally, prior reamers have fixed Input shafts for connecting to and/or 
receiving motive (lb. rotary) power As such, the prior reamers are able to 
accept nDtary input power with respect to only one direction. Typicaily, this 
direction is at 0* (i.e. "straight on'). Therefore, not only 15 the input power 
direction restricted, but this, in turn, restricts the angle at which the reamer may 
be used on a patient 

In view of the above, it would be desirable to have a bone miller or guided 
reamer Ibr preparing non-axisymmetric bone* 

It would bo further desirable to have a bone cutter that can mill complex 
txKie geometries. 

It would be still further desirable to have a bone cutting device that can 
mill bono along a curve, especially a curve of any radius of curvature. 

It would be yei further desirable to have a bone cutter that can provide 
precise milUng along any defined cun/e. 

It would be even further desirable to have a bone milling device as desired 
above that also is able to accept input rotary power from various angular 
orientations and/or allows bone mining device to be positioned at various angular 
orientations relative to the Input rotary power. 
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Suinmarv o f the Lnvention 

The subject invention is a bone milUng apparatus that is configured to mill 
bone along a curve. The subject invention also provides a procedure of use for 
the bone milling apparatus. 

The bone milling apparatus comprises a frame, a flexible reamer, and a 
guide for the flexible reamer, and an input coupled to the flexible reamer that is 
adapted to be coupled to a lotary nnotton input. The guide has a pradetenrined 
curve. The flexible reamer Includes a plurality of cutters that are linked to each 
other and can-led by the guide so as to be rotatable thereon. The input allows 
the flexible reamer to be positioned In two or more angular orientations relative to 
the rotary motion input 

In one form, the subject invention provides a reamer for milling bone. The 
reamer includes a plurality of individual, interlocking segments, with each 
segment including a cutUng surface, and a multi^rientallon input coupling in 
communication with a first one of said plurality of segments and configured to be 
coupled to a source of rotary motion. The multi-orientation input coupling is 
configured to transmit rotary motion from the source of rotary motion to the 

plurality of segments* 

In another form, the subject invention provides a reamer for milling bone. 
The reamer Includes a fffst segment, a last segmervt configured to be rotatabiy 
received in a milling frame, a plurality of Intermediate segments defining a first 
end that Is linked to the first segment and a second end that Is linked to the last 
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segment with each inlermediate segment having a first cutting surface. The 
reamer further includes an input coupling in communication with the first 
segment and configured to be coupled to a source of notary motion. The input 
coupling allows two angles of orientation of the reamer with respect to the source 
of rotary motion. 

In yet another form, the subject Invention provides an apparatus for milling 
bone. The bone milling apparatus Includes a frame, a curved guide supported 
by the frame, a reamer rotatabty maintained on the curved guide the reamer 
comprising a plurality of linked segments with each linked segment having a 
cutting surface. The lx)ne milling apparatus further includes a multi-orientation 
Input coupling in communication with a first one of the plurality of segments and 
configured to be coupled to a source of njtary motion. The muiti-orientation input 
coupling configured to transmit rotary motion fn>m the source of rotary motion to 
the plurality of segments. 

In a still further form, the subject invention provides an apparatus for 
milling bone including a frame, a curved guide supported by the frame, and a 
reamer rotatably maintained on the curved guide. The reamer includes a first 
segment, a last segment configured to be rotatably received in a milling frame, 
and a plurality of intermediate segments defining a first end that is linked to the 
first eegmeht and a second end that is linked to the last segment, each 
intermediate segment having a first cutting surface- The bone milling apparatus 
further includes an input coupling in communication with the first segment and 
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configured to be coupled to a source of rotary motion, the Input coupling allowing 
two angles of orientation of the reamer w4th respect to Ihe source of rotary 
motion. 

In still yet another form, the st^ject invention provides a method of 
preparing a bone for prosthetic implantation. The metiiod includes the steps of: 
(a) resecyng a portion of a bone; (b) reaming the intramedullary canal of the 
bone; and (c) milling an area of the bone adjacent the reamed intramedullary 
canal using a flexible reamer coupled to a source of rotary motion at a first angle 
of orientation relative to the source of rotary motion and then at a second angle 
of orientation relative to the source of rotary motion. 

In an even further fbrm, the subject invention provides a medical 
instrument kit for milling bone. The medical bistaiment kit Includes a frame, a 
plurality of guide shafts eadi of which is adapted to be carried by the frame, 
each guide shaft having a different radius of curvature, a reamer rotatably 
maintained on the guide shaft, the reamer comprising a plurality of linked 
segments, each linked segment having a cutting surface, and a mutti-orientation 
Input coupling in communication with a first one of the plurality of segments and 
configured to be coupled to a source of rotary motion, the multi-orientation input 
coupling configured to transmit rotary motion from the source of rotary motion to 
said plurality of segments, wherein the frame Is adapted to removably receive 
one of the plurality of guide shafts. 
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The subject invention allows a user to mill bone along a predetermin&d 
curve or curved path. Milling Is preferred over broaching srnce milling decreases 
the gap between implant and bone which is cntioaf for long term fixation. The 
subject invention provides the ablSty to mill connplex, curved geometry that iallows 
better loading of the nearby bone being milled. 

Additionatly. the subject Invention alfows the flexible reamer to be used in 
two or more, and preferably a plurality, of angular orientations relative to a 
source of rotary motion/power Input and/or coupled thereto. 

Brief Deecri otion of the Drawings 

Fig. 1 is a side view of an exemplary bone milting apparatus in 
accordance with the principles of the subject inventbn: 

Fig. 2 is a perspective view of the exemplary bone milling apparatus of 
Fig. 1 with it? oitting segments removed showing its curved guide shaft; 

Fig. 3 Is a side view of the exemplary bone milling apparatus of Fig. 1 ; 

Fig. 4 is a bottom perspective view of a cutting segment of the bone 
milling apparatus of Fig. 1; 

Fig. 5 is a tap perspective view of the cutting segment; 

Fig. 6 is a sectional view of the cuttir>g segment taken along line 6-6 of 

Fig. 4; 

Figs. 7A and 7B are enlarged front views of the coupling between the 
reamer of the bone milling apparatus and a source of rotary motion/powen 
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Fig. 8 is a side sectional view of a portion of a resected femur being 
initially prepared for prosthetic implantation; 

Fig. 9 is a side sectional view of the exemplary bone milling apparatus 
initially milling the initially resected femur of Fig. 8; 

Fig. 10 is a side sectional irow of the exemplary bOM milling apparatus 
completing the milling process; 

Fig. 11 Is a side sectional view of the prepared femur of Fig. 10 ready for 
prosthetic implantation: and 

Fig. 12 is a side view of an altemative embodiment of a reamer in 
accorvlance with an aspect of the subject invention. 

Corresponding reference characters indicate corresponding parts 
throughout the several views. Like reference characters tend to indicate like 
parts throughout the several views. 

Detailed Description of the Invention 

While the invention Is susceptible to various modifications and alternative 
forms, specific embodiments thereof have been shown by way of example in the 
drawings and will herein by described In detail. It should be understood, 
however, that there is no intent to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and soope of the invention as 
defined by the appended claims. 
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Referring now to Fig. 1 there is shown a side view of an exemplary 
embodiment of a bone milling apparatus generally designated 10, The bone 
milling apparatus 10 includes a frame, support, guide, or the lll<e generally 
designated 12, The frame 12 includes a first or upper portion 14 here 
constitutjng a tube, shaft, tubular member, rod, or the like, and a second or lower 
portion 16 here constituting a tube, shaft, tubular member, rod, or the like, that 
may be smaller in diameter than the upper portion 14 or may be the same 
diameter. The cross-sectional shape of both the upper and lower portions 14 
and 16 may be the same or different, and may be circular, rectangular, or any 
other suitable shape. Preferably, the upper and lower portions 14 and 16 are 
made from stainless steel but other suitable materials may be used as 
appropriate. 

The lower portion 16 of the frame 12 has a base 20 with a connector 22 
extending axially therefrom. While not shown in Fig. 1. a guide is adapted to be 
coupled to the connector 22. As such, the connector 22 is shown (embodied as) 
a threaded shaft but can be any type of connector. The guide is configured to 
etctend into a previously reamed rntramedullary canal of a bone. The lower 
portion 16 further has a curved cutout or notch 18 along one side of thereof. The 
notch IS extends from a point on the tower portion 16 to the base 20. The notch 
18 has a curvature that corresponds to the curvature of a reamer 50. 

An arm 24 extends substantially perpendicular to the upper and lower 
portions 14 and 16 and is preferablyi a? shown, but not necessarily, coupled to 
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the lower portion 16, The arm 24 supports a yoke or ring 26. The yoke 26 i$ 
preferably angled downwardly with respect to the arm 24 so that the reamer 50 
substantially forms a hypotenuse of a triangle along with the arm 24 and the 
lower portFon 16. The yoke 26 retains or holds a drive connector 28. The drive 
connector 28 Is rotatable within the yoke 26< 

The drive connector 28 has a top portion 30 terminaKng in a U-member 
32. The U-member 32 Is adapted to be csoupled to standard reamer power driver 
equipment (not shown in Fig, 1), through a input coupling 34. The Input coupling 
34 also includes a U-member 36 at one end and a drrve shaft 38 at another end. 
The drive shaft 38 Is adapted to be coupled to the standard reamer power driver 
or other rotary motive devices, 

A drive interface 40 provides an interface between the input coupling 34 
and the drive connector 28, The drive connector 28 and the input coupling 34 
define an irnerface coupling 46 that couples rotation of the Input coupling 34 to 
the drive connector 28. The drive interface 40 Is situated in the U-member 32 
and is connected thereto by a pivot pin 42. In like manner, the drive interface 40 
is situated in the U-member 36 and is connected thereto by a pivot pin 44, in 
this manner the Input coupling 34 and the drive connector 28 define a multi- 
orientation input joint/coupling 46 such as a universal Joint. This allows the 
reamer power driver {or other rotary motive device) to be oriented In various 
positions during the milling process and/or vice versa. It should be appreciated 
that the muftl-orientatlon Input joint/coupling 46 may take different forms. A 
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criterion is for the input coupling 34 to be operative to transfer rotary rnotion to 
the drivd connector 26. 

Referring to Ftgs. 7A and 7B, the mutti-orientatton input joint/coupting 46 
will be descrrbed in greater detail. Initially, it should be appreciated that the 
multi-orienlation input joint/coupling 46 may allow from only two angle of 
input/reanriing to an infinite number of angles of input/reaming along a 
continuous path of movement. As depicted In Figs. 7A and 7B, the input 
coupling 34 is adapted to rotate a$ indicated by the arrow 200. While the arrow 
200 Indicates a particular direction of rotation, and only one direction, it should 
be appreciated that the Input coupling 34 may be rotated In the opposite 
direction. Since the Input coupling 34 is coupled to the drive connector 28 via 
the drive interface 40. the drive connector 28 likewise rotates In the direction of 
rotation of the input coupling 34 as indicated by the arrow 202. 

The drive interface 40 and thus the input coupling 34 are connected to the 
drive connector 28 via. the pivot pin or hinge 42. In accordance with one 
perspective and specifically refening to Fig. 7A. the input coupling 34 and the 
ddve interface 40 pivots about the pivot pin 42 and the drfve coupling 2^ as 
indicated by the an-ow 210. If the drive connector 28 is held stationary, the input 
coupling 34 and the drive Interface 40 are able to pivot about the pivot pin 42 in a 
180* arc as represented by the arrow 210. Thus, the rotary motion device (not 
shown in Fig. 7A) may be posltbned in various angular orientations while the 
reamer 50 is held stationary. 
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in accordance with another perspective and again specifically referring to 
Fig. 7A, the drive coupling 28 pivots about the pivot pin 42, the input coupling 34 
and drive interface 40 as indicated by the arrow 212. if the Input coupMng 34 is 
held stationary, the drive coupling 28 and the drive interface 40 are able to pivot 
about the pivot pin 42 in a 180* arc as represented by the an-ow 212. Thus, the 
rotary nnofion device may be held stationary while the reamer 50 may be 
positioned In various angular onentations. 

In accordance with another perspective and specrflcally referring to Ffg. 
7B, the input coupling 34 pivots about the pivot pin 44» the drive interface 40 and 
the drive coupling 28 as indicated by the arrow 222. Jf the drive connector 28 is 
held stationary, the Input coupling 34 Is able to pivDt about the pivot pin 44 in a 
180" arc as represented by the arrow 222. Thus, the rotary mobon device (not 
shown in Fig. 7B) may be positioned In various angular orientations while the 
neanner 50 is held statbnary. 

In accordance with another perspective and again spedflcaily referring to 
Frg. 7B, the drive coupling 28 and the drive interface 40 pivots et)Out the pivot pin 
44 and the input coupling 34 as indicated by the arrow 220. If the input coupling 
34 Is held stationary, the drive coupling 28 and the drive Interface 40 are able to 
pivot about the pivot pin 44 in a ISO"* arc as represented by the arrov^ 220. 
Thus, the rotary rrx>tion device may be held stationary while the reamer 50 may 
be positioned in various angular orientations. 
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The drive connector 28 defines a bottom portion 48 that has a receptor 
52, here embodwd as a mortise, concavity or like (see e.g., Figs, 2 and 3). The 
mortise 52 Is configured and/or adapted to receive and/or allow connection with 
the reamer 50, In this manner, rotation of the driv9 connector 28 rotates the 
reamer 50. The reamer 50 is configured, adapted, and/or operative to mill t>one 
matter as it is extended into a bone. This will be explained further in connection 
with an exemplary procedure utiiizing the subject exemplary bone milling 
apparatus 1 0. 

The reamer 50 consists of a plurality of segments, cutters, cutting 
elements, cutting segments, or the like 64 and a termination segment 56, The 
cutting segments 54 are linked and/Or coupled to one another and extend from 
the drive connector 28 to the temnination segment 56. The cutting segments 54 
are (Inked to pro^de flexibility to the reamer 50 and/or allow the reamer 50 to 
tjend or curve. Additionally, the cutting segments 54 and tho termlnetion 
segment 56 are rotatable in the curved, position. The rmwer 50 may consist of 
as many cutting segments 54 as appropriate. As detailed bek^w, the reamer 50 
may be formed into any curve, radius of curvature (rate of curve) or the like. 

With reference to Figs, 4-6. a cutting segment 54 will be described. It 
should be appreciated that each cutting segment 54 is preferably identical or at 
least substantially kldntcai in shape, but not neosssanly in size (e,g. diameter) 
with one another. Therefore, the cutting segment 54 shown in Figs. 4-6 
represents each cutting segment 54 of the reamer 50. It should, however^ be 
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appreciated that the cutting segments may differ from one another if desired. 
Variations may be used for various purposes. 

The cutting segmant 54 is defined by a body 60 preferably formed of 
stainless steel or other appropriate material. The body 60 is preferably 
substantially cylindrical but may take any other suitable shape, depending on the 
desired shape of a bore resulting from milling by the reamer 50/cutting segments 
54. The body 60 has a first end 62 and a second end 64 each of which is 
named arbitrarily, A cannula, bore or hole 66 extends preferably centrally 
through the body 60, The cannula 66 is sized to extend about a shaft such that 
the body 60 is retained on the shaft. The cannula 66 defines an axis of rotation 
of the cutting segment 54. 

The first end 62 has a mortise, concavity or concave stnjcture €8 while 
the second end has a tenon, convexity or convex structure 70. The mortise M 
extends generaaiy perpendicular to the cannuia/axis of rotation 66, The tenon 70 
likewise extends generally perpendicular to the cannula/axis of rotation 66. The 
mortise 68 and tenon 70 are complementary In structure such that a tenon 70 of 
another cutting segment 54 is receivable in the present mortise 68 and, a mortise 
68 of another cutting segment 70 receives the present tenon 70, In this manner, 
the cutting segments 54 are linl^ed to one another. Such linking allows the 
reamer 50 to be of any length and flexible. Such flexibility exists because of a 
pivoting motion between the mortise or concavity and the tenon or convexity. It 
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should be appreciated that structures other than those depicted for the concavit/ 
and the convexity may be utilized and is contempleted. 

The body 60 also includes a first cutting tooth, blade, sfnjoture, feature, 
surface or the like 72 and a second cutting tooth, blade, structure, feature, 
surface, or the like 74. Each cutting surface 72 and 74 extends longitudlnaify 
along the outside of the body 60 and a distance axially therefrom. A diameter 
from axial tips of the cutting surfaces 72 and 74 determines the diameter of the 
milled portion of the bone. Thus, not only does the diameter of the body 60 
determine the diameter of the milled portion of the bone, but the axial lengths of 
the cutting teeth. Addittonally, the first and second surfaces 72 and 74 are 
disposed diametrically opposite one another. 

Jt should also be appreciated that while only Hmo cutting surfaces are 
shown, the cutting segment 54 may have only one cutting surface, or may have 
more than two cutting surfaces. Reganjiess of the number of cutting surfaces, in 
a preferred embodiment, each cutting surface Is configured to mill bone in a 
single rotatlonai direction. It should be appreciated, while not shown, that cutting 
surfaces may be provided that allow cutting in both rotational directions. It should 
also be appreciated that as an alternative emtxDdiment, the mortise and tenon of 
the body 60 may be reversed and/or that each cutting segment 54 of the reamer 
50 may be flipped 180*. 

Further, rather than each cutting surface comprtstr^ a single elongated, 
axially straight cutter, each cutting surface may consist of several, separate 
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surfaces that may be siralghl or curved. Alternatively, a plwiraMty of surl^ces may 
be provided that are straight, curvedt spiraJed, or a combination thereof. Various 
combEnations and/or configurations of cutting surfaces are contemplated, 

Rdferring back to Fig, 1 , with respect to the reamer 50. a first cutting 
segment 54 thereof is coupled to the tower portran 48 of the drive connector 28, 
Particularly* the tenon 70 of \hB ffrst cutting segment 54 Is linked to the mortrse 
52 of the lower partk>n 48 \na the drive connector 28. A second cutting segment 
54 is in like manner coupled or linked to the first cutting segment 64 In essentially 
axial alignment therewith. A given number of cutting segments 54 are then 
linked to each other in substantially axial alignment with one another with a fast 
cutting segment 54 linked to the end or temiination segment 56. The number of 
cutting segments 54 of the reamer 50 is determined by the leng^ of each cutting 
segment 54 and the overall length of the guide shaft 80, Additionally, each 
cutting segment 54 may have the same diameter (i.e. 10mm), several cutting 
segments 54 may have the same diameter while others may have a different 
diameter, each cutting segment 54 may be different in diameter, or other various 
combinations. If each cuttmg segment has a different diameter, the diameters 
preferably increase from a beginning of the reamer (distal the input connector) to 
the end of the reamer (proximate the input connector). 

Referring to Fig. 12. an alternative emt>odiment of a reamer, generally 
designated 300 is depicted. The reamer 300 has an input connector segment 
310 and an ending segment 320 kjoth of which are in Wke manner to the other 
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embodiments. In this embodiment, however, the reamer 300 forms a cone 
wherein the cutting segment 330 Is smaller In diarneter than an adjacent cutting 
segmern 332, which is smaiter in diameter than an adjacent cutting segment 334, 
which is smairer in diameter than an adjacent cutting segment 336, which rs 
smaller in diameter than an acUacent cutting segment 33B. Of course any 
number of cutting segments may mal<e up the reamer 30D. 

Referring now to Figs. 2 and 3. the bone mliling apparatus 10 is shown 
with most or ail of the cutting segments 54 removed to Illustrate that the bone 
mifling apparatus 10 further indudes a guide in the form of a shaft 80, The shaft 
80 is provided in a predetermined guive that extends from the drive connector 28 
to the base 20. The rate of curvature between distance O from the yoke 26 to 
the base 20 (see Fig. 1) is determined based on the desired amount of bone to 
be milled and/or the desired geometry of the bone area to ba milldd. Thus, the 
shaft 80 provides a guide curve for milling by the reamer 50. The shaft 60 is 
stationery with respect to the cutting segments 54 (reamer 50) that rotate about 
the shaft 80. Each cutting segment 54 is situated ot the shaft 80. Particularly, 
each cutting segment 64 is rotatably retained on the shaft 80. The shaft 80 
extends through the i^ore 66 of the body 60 of the respective cutting segment 54, 
As well, all of the cutting segments 54 rotate In unison which constitute the 
reainer 50- 

According to one aspect of the subject invention, the frame 12 is 
operative to support: shafts of different lengths and/or curvatures. These shafts 
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are replaceable within the frame 12 preferably in a modular fashion. The cutting 
segments 54 are interchangeable with the various shafts, that is the cutting 
segments 54 may be used with any of the various shafts. 

It should be appreciated that the shaft 80 detemnines the curve of the 
reamer 50, Since the reamer 50 Is comprised of a plurality of cutting segirents, 
the reamer 50 can bend or curve and is thus flexible. As such, the shaft 80 that 
retains the plurality of cutting segments 54 may be of any curvature. The 
present bone milling apparatus 10 may thus be part of a krt in which shafts of 
various curves and/or rate of curvature are supplied along with a number of 
cutting segments. Cuive guide cartridges (modular or replaceable shafts) may 
be provided that are acc^ted by the frame 12. In this manner a family of curves 
of varying radii maybe supplied and used. 

Use of the Subject travention 

A use and/or ap|3lication of the subject Invention wHt now be described. It 
should be appreciated, however, thaitthe below-described use/application of the 
subject invention fe only exemplary of one manner of use* Other manners of use 
not specifically described herein are conlempfated. Referring to Fig. 8, there is 
depicted a femur (rn cross-section) generally designated 90 that has been initially 
prepared for implantation of a prosthetic. Particularly, a top portion of the femur 
90 has been resected to provide a resected surface 92. Such resection is 
accomplished as Is known In the art for the particular prosthesis to be implanted. 
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After resection, the rntrameduliary ganal 96 is drilled to or^at^ a bore 98. A 
standard reamer 94 Is shown making the bore 98 in the Intramedullary canal 98. 
Of course, other manners of providing a bore 98 In the intramedullary canal 96 
may be used. 

Referring to Fig, 9, the bore 98 has been reamed or drilled completefy 
into the intramedullary canal 96, The length or depth of the bore 98 is 
dependent upon the implant and/or other factors that are not necessary to be 
detailed for the present application. Fig. 9 deprcis the next step which Es to 
advance the bone mUltng apparatus 10 Into the femur 90. Attached to the milling 
apparatus 10 is a guide 100. Particularly, the guide 100 is threadedly attached 
to the connector 22 prior to initial Insertion of the bone milling apparatus 10. The 
guide 100 is placed in the bore 98 as the bone milling apparatus 10 is placed 
downwardly into the femur 90. 

The bone mJUIng apparatus 10 is coupled to a power driver 102 that is 
operative to provide motive rotary power. Particularfy. the shaft 38 is coupled to 
the rotary power driver 102 such that shaft 38 rotates the coupling 28 which, 'm 
turn, rotates the drive connector 28, Rotation of the drive connector 28 rotates 
the reamer 50 about the shaft 80. As the reamer 50 is rotated, the bone milling 
apparatus 10 is advanced into the femur 90. The cutting teeth of each cutting 
segment 54 mills bone during advancement. Rg. 9 depicts the rotary power 
device 102 ki various positions to illustrate the nature of the multi-orientation 
joint/coupling 46. Of course, as indicated above, the rotary power device 102 
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may be held stationary while the milling device 10 may be positioned in various 
angular orientations. 

Referring to Fig. 10. the bone miling apparatus 10 is shown advanced 
Into the femur 90 such that the reamer 50 has milled a substantially triangular 
area in the femur 90 and/or when the cuive substantially matches the patient's 
bone anatomy. Typically, the bone milling apparatus 10 is advanced Into the 
femur 90 until the yoke 26 is proximate the resection surface 92 and/or the milled 
curve matches the medial endosteum. 

Fig. 11 depicts the prepared femur 90 in which an area 104 has been 
pret^ared (milled) by the bone milling apparatus 10. The prepared area 104 
(triangular area) is ready to receive the implant (not shown). 

The subject invention provides various features and/or advantages. For 
example, the subject invention pn?vldes interlocKing cutting segments that exist 
within a generaHy cylindrical geometry when the bone milling apparatus 10 is in a 
rest state. The reamer 50 of the bone milling apparatus 10 is flexible and 
cannulated. Such flexibttity can accommodate a range of guide curves (shafts) 
that are consistent with an associated implant geometry that a user is duplicating 
in bone preparation. The entire length of the flexible reamer 50 provides cutting 
or milling of bone and can be driven by standand reamer driver power equipment. 
Since the reamer 50 Is comprised of a pluralfty of individual segments, an 
Individual segment can be replaced when dull. This obviates the need to replace 
the entire reamer. Functionailty of tl^ subject bone rriilling apparatus 10 can be 
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extended from use with respect to a single type of implant to use for a plurality of 
tmpfants through the use of different shafts BO. Each shaft would have different 
curves or shafts of varying radii Such would be provided in a kit. As well, the kit 
may provide a plurality of sets of cutting segments, with each set of cutting 
segments of a particuJar diameter. For example, one set of cutting segments 
may have a cutting diameter of 9 mm. while another set of cutting segments may 
have a cutting diameter of 25mm. Sets of a range of cutting diameter segments 
from 9mm to 27mm, for example, in 1.5mm to 2«0mm Increments may be 
provided as well. Different cutting diameter cutting segments may also be mixed 
and matched if desired. Various combinations are contemplated. 

There Is a plurality of advantages of the sutiject rnvention arising from the 
various features of the bone milling apparatus described herein, ft will t>e noted 
that alternative emt>odiment$ of the bone milling apparatus of the subject 
invention may not include all of the features described yet still benefit from at 
least some of the advantages of such features. Those of ordinary siclll in the art 
may readily devise their own implementations of a bone milling apparatus that 
incorporate on© or more of the features of the subject Invention and fall within 
the sprit and scope of the subject invention. 

4. Preferred aspects are provided as stated in the followings 

(1) The reamer of daim 1. wherein said multr-orientaticn input coupling 
comprises a universal Joint. 

(2) The reamer of daim 1, wherein said multi-orientation input coupling 
comprises: 

an input coupling adapted to be coupled to the source of rotary motion; 
a drive coupling in communication said first one of said plurality of 
segments; and 

an interface coupled to said input coupling and said device coupling. 

( 3) The reamer of aspect (2} .wherein said interface is pivotally coupled to said drive 
coupling* 
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(4 } The redmer of aapect 0. wherein said interface is pivotalty coupled to said input 
coupling. 

(5) The reamer of claim 1 , wharain adch segment has a second cutting surface. 

(6) The reamer of Ji«psot(l). wherein each segment is defined by a generally 
cylindrical body, and said first and second cutting surfaces are disposed 
diametrically opposite each other on said cydndrical body. 

( 7 ) The reamer of claim 1 , further comprising: 

a guide shaft; and 

wherein each segment Is nDtatably retained on said guide shaft. 

(8) The reamer of wpsot (3). wherein each segment includes a bore defining an 
axis of rotation and said guide shaft extends tiirough said bores. 

( 9 ) The reamer of aspect (3). wherein said guide shaft is curved. 

( 1 0} The reamer of claim 1, wherein said segments are linked to each other in a 
manner alJowfng axlaf displacement relative to one another. 
(11) The reamer of wpact (6) .wherein each segment Includes: 

a concavity on one end thereof; and 

a convexity on another end thereof; 

said concavity and said convexity being complementary fn structure. 

(12) The reamer of daim 2 , wherein satd Input coupling allows a plurality of 
angles of orientation of the reamer with respect to the source of rotary rTK>tlon. 

(13] The reamer of aspsot (12). wherein said Input coupJing comprises a universal 
Joint 



(6 8) )03-339724 (P2 0 0 3-@ilil 



(14) The reamer of cfaifn 2, wherein said input coupling comprises: 

an input coupling adapted to be coupled to the source of rotary motion: 
a dnve coupling in communication with said first one of said plurality of 

segments; and 

an interface coupled to said input coupling and said device coupling. 

(1 5) The reamer of a^ta4}, wherein said interface Is pivotally coupled to said 
drive coupling. 

(16) The reamer of aspect (14). wherein said interface Is pivotally coupled to said 
input ooupllng. 

{ 1 7} The reamer of datm 3. wherein each intermediate segment has a second 
cutting surface. 

(1 8 J The reamer of aspect (17), wherein each intermediate segment is defined by a 
generally cylindrical body, and said first and second cutting surfaces are 
disposed diametrically opposite each other on said cylindrical body. 
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(19} The reamer of claim 2 ^ further comprfslng: 
a guide shaft and 

wherein each intermediate segment i; roUitably retained on safd guide 

shaft. 

(20) The reamer of aspect (19). wherein each intermediate segment includes a bore 
defining an axis of rotation and said guide shaft extends through said bores. 

(21) The reanner of espect (19), wherein said guide shaft is curved. 

(2 2) The reamer of claim 3 , wherein said intermediate segments are linked to 
each other in a manner allowing axial displacement relative to one another. 

(23) The reamer of aspect (22). wherein each fnternrredidte eegment includes: 

a concavity on one end thereof; and 
a convexity on another end thereof; 

said concavity and said convexity being complementary in structure. 

(24) The reamer of claim wherein said multi-orientation input coupling 
comprises a universal joint. 

(25) The reamer of claim 3, wherein said multi-orientation input coupling 
ccmprtees: 

an input coupling adapted to be coupled to the source of rotary motion; 
a drive coupling In corr>munication with said first one of said plurality of 
segments; and 

an interface coupled to said input coupling and said device coupling. 
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C2 6) The reamer of aspactCZS}, wherein said Interface is pivolaIFy oojpled to said 
drive coupling. 

(2 7) The reamer of aspwtas). wherein said interface is pivotally coupled to said 
input coupling. 

(2 8) The apparatus of claim 3, wherein each linked segment further has a 
second cutting surface. 

(29) The apparatus of a«paotC2®. wherein each linked segment is defined by a 
generally cylindrical body, and said cutting surfaces are disposed dfamelrically 
opposite each other on said cylindricai body. 

30) The apparatus of dalm 3 . wherein said curved guide comprises a rod. 



C31)The apparatus of claim 3 . wherein said linked segments are coupled to 
each other m a manner aJlowing axial dispiacement of said linked segments 
relative to one another. 
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C 3 2 ) The apparatus of aspect (31), each Mnkdd segment includes: 

a concavity on one end thereof: and 
a convexity on another end thereof 

safd concavity and said convexity being complementary in stnjcture. 

(3 3) The apparatus of claim 8 , wherein a first segment of said linked segments 
is configured to be coupled to a source of rotary motion, and a last segment of 
said (inked segments is configured to be rotatably received in said frame. 

(34 3 The reamer of daim wherein each intermediate segment has a second 
cutting surface. 

(35) The reamer of wp«ot(34), v/herein each intermediate segment is defined by a 
generaily cylindrical body, and said first dnd second cutting surfaces are 
disposed diametrically opposite each other on said cylindrical body. 
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(3 6) The reamer of dafm 4 , furttier comprising: 
a guide shaft; and 

wherein each intermediate segment is rotatably retained on said guide 

Shan. 

(3 7) The reamer of aspoct (36), wherein each intemriediate segment inciudes a bore 
defining an axis of rotation and said guide stiaft extends through said bores. 

(38) The raamer of aap6ct06). wherein said guide shaft js curved. 

(39) The reamer of claim 4 , wherein said intermediate segments are finlced to 
each other in a manner allowing axial displacement relative to one another. 

(40) The reamer of ••oBotm, wherein each intermediate segment Includes: 

a concavity on one ertd thereof; and 
a convexity on another end thereof; 

said concavity and said convexity being complementary in stnjcture. 
( 4 1 } The medical instrument kit of darm 6, further comprising a plurality of sets 
of linkable segmente, each set of linkable segment having a particular cutting 
diameter that is different than each other set. 
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1 . Abstract 

A medicaJ instrumenl and procedure is adapted to mill bone along a curve 
and with respect to at least two angles of orientation with respect to an input 
source of rotary motion. Particularly, the medical instrument i$ a bone miiring 
apparatus that Is configured to mill bone along a predetermined curved path or 
cunre. The bone milling apparatus includes a reamer that is rotatable about a 
curved shaft which is retained by a frame. The shaft has a predetermined curve 
that corresponds to a desired milting curve. The reamer is comprised of a 
plurality of Interconnected segments, with each segment having cutting surfaces 
such that each segment is a cutter The reamer Is thus flexible with respect to 
the interconnection between the Individual segments. 



2 > Representative Drawing 
Fig. 1 



